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'^Coclilear implant assembly" 

Croas-Refereiicc to Related Applications 

5 The present application claims priority from Provisional I'atent Application Nos 

2003906787 and 2004905355 filed on 8 December 2003 and 16 September 2004, 
respectively, the contents of whicli are incorpoxated herein by reference. 

Field of the Invention 

10 

The present invention relates generally to the field of forming immature wiring 
and connector systems for electrical products. More specifically, the present invention 
relates to a method of forming electrical contacts with wiring and coimector systems, 
. antenna coils and electrode arrays, such as arrays for .sensors, including biosensors, and 
15 implantable devices, such as an implantable recording or stimulating electrodes or pads 
for use in the body. 

Background of the Invmtjon 

20 . In many electrical devices, particularly those that are manufactured on a very 

small scale, the manu&cture of the wiring and connector componmts is often a labour 
intensive and specialised craft. Ensuring that the wiring and connection of the various 
components of the systems occurs correctly is ofteq the most expensive amd labour 
intensive aspect of the manufacturing process, resulting in large costs associated with 

25 the time taken to manufacture the device which is often passed on to the ultimate 
consumer- This is also the case when such devices need to be specifically hand-made 
to a specification as often, tt^e avMlability of the device is dependent upon the time 
taken to manufacture the device, with the time tsken being difficult or impossible to 
expedite. 

30 

This is particularly the case in the field of medical implants and electrical 
devices that are implanted in the body to perform a specific task. Such devices may 
include: stimulating devices such as pacemakers, cochlear implants, FES stimulators^ 
35 recording devices such as neural activity sensors and the like, implantable cables which 
may be used to connect implantable devices to other implantable d^^vioes or 
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stiirmlating/seaising devices, diagnostic devices capable of oaxiying out in-vivo analysis 
Of body parameters, and other types of implantable devices not ye In 
such devices, the si2:e needs to be ininimised to ensure that they are minimally invasive 
upon implantation. As a result, in such instances, the electronic wiring and connections 
5 need also to be relatively very small. As such, manufacturing such devices to ensure 
that they are reliable and sturdy is a specialised art, and requires much time and 
expense. 

Current techniques for the manufactore of electrode arrays for cochlear implant 
1 0 systems, in particular, are relatively highly labour intensive. This is in the main due to 
the intricate nature of the array and the very small dimensions of the array necessary to 
allow it to bo inserted in the scala iympani of the human cochlea, Bemg an implantable 
device, the method of manuJ^ctore also needs to result in a biocompatible product that 
is not svisceptihle to damage firom long-temi placement in the body. 

15 

With implanted devices and miniaturisation becoming more commonp there is an 
increasing need to provide electronic wiring and electronic connections in such sj^tems 
that are both relatively simple and reliable. 

20 Any discussion of documents, acts, materials, devices^ articles or the like which 

has been included in the present specification is solely for the purpose of providing a 
context for the present invention. It is not to be taken as an admission that any or all of 
these matters form part of the prior art base or were common general knowledge in the 
field relevant to the present inv^tion as it existed before the priority date of each claim 

25 of this application. 

Summary of the Invention 

Throughout this specification the word "comprise", or variations such as 
30 "comprises" or "comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion of 
any other element, integer or step, or group of elements, integers or steps. 

In a first aspect, the present invention is a method of forming and connecting an 
35 antenna to a feedthtough member of a housing, the method comprijsing: 
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(a) positioning thiS feedtiirough member and an anteima template relative to 
each other; 

(b) comieoting a first portion of at least one electrically conducting wire to 
said feedtbiotigh; 

5 (o) winding said wire at least once aroiuid the antenna template; and 

(d) coimedang a second portion of each wire to said feedtbrough member- 

In this aspect, the steps can be performed in the order set out above. It will be 
appreciated that at least some of the steps could be perforaied in other orders or 
10 simultaneously. For example^ step (c) could be performed prior to or at the same time 
as step (b) or step (a). Still further^ step (d) could be performed prior to the other steps. 

In this aspect, step (a) can include removably mouuthig the feedthrough member 
to a workspace member. In one embodiment, the antemia t^nplate can also be 
15 removably ox non-removably mounted to ihis workspace member. In another 
embodimc^ot, the antenna template can be an integral component of the workspace 
member. 

In yet another embodiment, the feedthrough member can comprise a^ first 
20 portion and a second portion, the first and second portions being mountable or mounted 
in the chassis of the housing. Respective conductive posts can extend through these 
portions and axe aU are preferably electrically insulated from each other. The 
feedthrough member is adapted to provide eleotitoal connection through the chassis or 
wall of the housing whilst also ensuring hermetic sealing of the housing. 

25 

In one embodiment, step (b) can comprise connecting the wire to the first 
portion of the feedthrough member and step (d) can comprise connecting the wire to 
the second portion of the feedthrougih member. In an alternative embodiment^ step (b) 
can comprise connecting the -^^are to the second portion of the feedthrough member and 
30 step (d) can comprise connecting the wire to the fbrst portion of the feedthrouglh 
member. 

The wire can be connected to the feedthrougji memb^ using a wire bonder. 
Alternative teclmigues may be utilised including welding and crimping. 

35 
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In a further embodiment, the first partion of the wire can conxprise an cod of the 
wire. It will bo appreciated that the connection coiild be made at a location away from 
the end of the wixe. In this case, however, it is envisaged that the wire would then be 
trimmed, 

5 

In yet another embodiment, the step of connecting the second portion of the wixe 
to the feedthiough member (i.e. step (d)) can be made at a location along the wire that 
is distal from the first portion. In this case, however, it is envisaged that the wire would 
then be trinmcd at the location ofihe connection to the feedlhro Despite 
10 the connection of the second portion of the wire being at a distal location along the 
wire, it wUl be appreciated fliat the second portion and fixst portion of the feedthrongh 
member can be relatively close to each: other. 

In one embodiment, more than one wire can be connected to the feedthrough 
15 memb^ and woimd aroi;ind the antenna template including, for example, a multistiand 
wire. In this or another embodiment, the wire can be wonind around the antenna 
template more than one time. For example, ttie wire can be wound around the template 
twice. 

20 The wire can be formed from a biocompatible electrically conductive material. 

\ In a preferred embodiment, the wire is fi»med from a suitable metal or metal alloy^ In 
one ranbodiment, the wire can be formed from platinum or platinum/bidium alloy. In 
one embodiment, the wire is circular in cross-section. Other stuqses of wire are 
envisaged, including wires that are oval in cross-section, or are foil-like having a width 

25 greater than its thickness. 

In one embodiment, the wire can be coated with an electrically insulating 
material, such as a polymer material. In one embodiment, the eleotrical connection 
formed between the wire and the feedthrough member can be performed thiou^ the 
30 insulating layer. 

In another embodiment, the wire can be uncoated when electrically connected to 
the feedthrough member. In this case, it is envisaged that the antenna formed by the 
method according to the first aspect would undergo a coating step where at least the 
35 Wire is encapsulated iu an electrically insulating material. 
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For example, the anteama covlA be passed through a parylone coater SO as to coat 
at least parts of the anteraia with a suitable layer of par/leae. la this case, it is 
eavisaged that, if necessary, certain parts of the feedfhrough would be masked to 
prevent their coating with parylene, 

5 

At the completion of step (d), the formed antenna and the feedfhrough can be 
removed firom the workspace mexnber. 

In one embodiment, the method can further include the step of encapsulating the 
10 housing, feedfhrough and antenna in an electrically insulating materiaL This material is 
fiarther also preferably biocompatible and resiliently flexible. One example of a 
possible encapsulating material is silicone. If desired, the formed device can undergo 
furth^ processing,, including washing and drying, to tender it suitable for implantation. 

15 The antenna template can comprise a cylinder. As such, the wound wire can 

define a circular locus. It will be appreciated that other shapes might be suitable and 
coiiLd be utilised to form the antenna. 

The formed antenna can comprise a receiver antemia. The method has potential* 
20 advantages in providing a relatively efficient and inexpensive process of antenna 
manufacture, particularly assembly of receiver antennae for implantable tissue- 
stimulating devices, such as cochlear implants. The present invention fiiither provides 
a method of forming an antenna that can allow the manufacturing process to become 
automated . or semi-automated so providing a desirable altemative to current 
25 manufacturing processes which require extensive labour input and increased 
manufacturing throughput. 

According to a second aspect, the present invention is an. antenna and 
feedthrough member assembly when formed by the method as defined herein. 

30 

In one embodiment of this aspect, the antenna can be a receiver antenna. The 
antenna and feedfhrough assembly can be suitable for use in tissue-sdmulating and 
sensor applications or otherwise as described herein. 
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According to a third aspect^ the present invention is a method of fonning a non- 
linear path of at least a portion of at least one electrically conducting wire extending 
between a first location and a second location, the mettiod comprising: 

(a) forming a wire path template defining a non4inear path; and 
5 (b) winding said wire through said template such that said wire adopts said 

non-linear patti; and 

(c) removing the wire ftom $aid template. 

As used below, it will be appreciated that the teraa "wire" can encompass a 
10 plurality of wires inoltujing, lEbr example, a multistrand whe. 

In one embodiment, the wire path template can be removably or non-removably 
mounted to a -workspace member. In anoth^ embodiment, the wire path template can 
be an integral component of ttie workspace member. 

15 

In another embodiment of the third aspect, a feedfhrough member of a housing 
can be removably mounted to fhe workspace member. In this embodiment, the 
• feedihrough member can comprise the first location. Where the feedthrough is present, 
the method can comprise a step of connecting the wire to the feedthrough member. In 
20 one embodiment, an end of the wire can be connected to the feedthrough member. It 
will be appreciated that the connection could be made at a location away fiom the end 
of the wire. In this case, however, it is envisaged that the wire would then be trimmed. 

In one embodiment, the wire path template is adapted to form an undulating 
"25 wire path over said portion of the wire. For example, the formed wire path Can be 
sinusoidal or substantially so. In this embodtment^ fhe wire path template can comprise 
a series of spaced posts that define the path and about which the wire is to be wound. 

In one embodiment, the wire can be adapted to provide electrical conaection to 
30 one or more electrodes. In one embodiment, the wire can provide electrical connection 
to one or more extracochlear electrodes. In another embodiment, the wire can provide 
electrical connection to one or more intracochlear electrodes. 

The non-linear path of said portion of fhe wire provides a degree of flexibility to 
35 the wire following implantation- For example, the non4inear path can be adapted to 
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compensato for any movement between the housing and the one or more electrodes, 
such a$ movancnt which may occur naturally dxie to body growth. 

Thewirecanbecomiectedtofhefecdthroughmembe^rTismgawk The 
5 wire bonder can also be utilised to wind the wirp through the path of the wire path 
template. Alternative connectiott techniques can be envisaged including welding and 
crimping. 

In this aspect the wire can be formed from a biocompatible electrically 
10 condactive material. In a . preferred embodiment, the wire is formed fix>m a suitable 
metal or metal alloy. In one embodiment, the wire can be formed fitwn platinum or 
platinum/iridium alloy- In one embodiment, the wire is circular in cross-seclion. Other 
shapes of wire are envisaged, including wires that are oval in cross-section, or are foil- 
like having a width greater than its thickness, 

15 

In one embodiment, the wire can be coated with an elecbrically insulating 
material, such as a polymer materiaL In one embodnnenta the electrical conneotion 
formed between the wire and the feedtbrough member can be p^ormed through the 
insulating layer. 

20 

In another CTibodiment, Ihc wire can be uncoated when electrically connected to 
the feedthrough member. In this case, it is envisaged that the wire foimed by the 
method according to the first aspect would undergo a coating st^ where the wire is 
encapsulated in an electrically insulating material, 

25 

j 

For example^ the wire could be passed through a paiyleno ooater so as to coat at 
least parts of the antemxa with a suitable layer of parylene. In this case, it is envisaged 
that, if necessaiy, certain parts of the feedthrough would be masked to prevent their 
coating with parylene. 

30 

In one embodiment of this aspect, the method can further include the step of 
encapsulating the housing, feedthrough and at least some of the wire in an electrically 
irtsulating matcsrial. This material is further also preferably biocompatible and 
resiliently fl^dble. One example of a possible encapsulating material is silicone. If 
35 desired, the formed device can undergo further processing, including washing and 
drying, to render it suitable for implantaition. 
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Accoiding to a fourth aspect, the present inventioa is a wire having a pordpn 
thereof defining a non-linear path when fonned by the method as defined herein 
according to the third aspect of the invention. 

5 

In a preferred embodiment, the antenna and/or wire as defined herein are for use 
as an implantable tissiae-stimTilating device. More preferably, the tissue-stimulating 
device is a cochlear electrode assembly, including an intracochlcar electrode assembly. 
In another embodiment, the electrode array oonld be used in a biosensor not necessarily 
1 0 related to an implanted device. 

In this case, the feedfhrough member provides electrical connection through the 
wall of an iniplantable componentj^ such as a receiver/stimulator unit. 

15 In a fifth aspect, the present invention is a method of formini a device 

comprised of a predeteraiined pattern of at least two relatively electrically conductive 
regions, the mefhod compiisiag: 

(a) working" a sheet of electrically conductive material to lemove 
predetermined portions therefirom to forai said two or more discrete relatively 

20 conducting regions; 

(b) connecting at least on© electrically conducting wire to at least one of said 
at least two or more relatively conducting regions; and 

(c) connecting a portion of each wire located distal said conducting regions to 
a common sacrificial mernber. 

25 

In this fifth aspect, the st^s can be perfoxmed in the order set out above. It will 
be appreciated that at least some of the steps could be perfomied in other orders or 
simidtaneously. For example, step (c) could be performed prior to or at the same time 
as step (b) or step (a). 

30 

In this fifth aspect, the step of working the sheet (i.e. step (a)) can include a step 
of punching portions out of the sheet of electrically conductive material. In this 
embodiroent, portions of the sheet are removed and separated from the sheet. 

35 Yet further, the step of worldng the sheet can include a step of slicing or cutting 

the sheet of electrically conductive material. 
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111 yet another embodiment of this aspect, the step of working the sheet can 
comprise a process of using electrical discharge macbining (EDM), which is" also 
known as sparic ^sion, to remove mwanted portions of the sheet as is described in the 

5 present appUcanfs Intemational PiibUoation No WO 02/089907. the contents of which 
are incorporated herein by reference- 
In a further embodiment of this aspect, the step of conneoting the wires (i,e, step 
(b)) can comprise a step of welding each wire to a respective relatively conducting 

10 region. In one embodiment, a distal end of the wire is welded to the conducting region. 
It will be appreciated that the connection could be made at a location away from the 
end of the wire. In this case^ howcvCT, it is envisaged that the wire would then be 
trinuned- 

15 In yet another embodiment of this aspect, the step of connecting a proximal 

portion of the wire to a sacrificial member (i.e. step (c)) can comprise a step of welding 
each wire to the sacrificial member. In one embodiment, a proximal end of; the wire is 
welded to the sacrificial monber. It will be appreciated that the connection could be 
made at a location away from the proximal end of the wire. In this case, however^ it is 

20 envisaged that the wire would then be trimmed at the location of the weld- 
In one embodiment of this aspect, each of the wires can be individually welded 
to their respective conductive region and the sac^ficial member. In another 
embodiment, two or more wires can be welded simultaneously, at one or both 

25 locations. In another embodiment, all of the wires can be welded simultaneously^ at 
one or both locations. In a further embodiment, the welding can be perforaied 
manually- In a preferred embodiment, an automatic welding maGhine can be used to 
weld the wires to the conductive rej^ons and the sacrificial member. 

30 It is preferred that the wires are welded to the sacrificial member in a maimer 

that allows ready identification as to which conductive region the wire is extending 
from. For example, the proximal ends of the wires can be aligned transversely along 
the sacrificial member. For example, where there are a pliorality of conductive regions 
disposed in a longitudinal array and the same number of wires extending therefrom, the 

35 wire extending from tihc region that is most distal the sacrificial member can be at one 
end of the member, the wire fitnn the next most distal region beside it, and so on %intil 
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each of tlie wires are electricaUy coimected, such as by welding, to the sacrificial 
member^ 

This ordering of the connection of the wires to the sacrificial memba: results in 
5 there being no need to retest which wire is connected to which conductive region at a 
later date in a manufacturing process that uses the device accordiag to the fifth aspect 
Instead, it is possible by noting the location of the weld of the wire to the sacrificial 
member to deteraiine which conductive region that wire is extending firom. 

Id The wire can be formed Srom a biocompatible electrically conductive material. 

In a preferred embodiment, the wire is formed from a suitable metal or metal alloy. In 
one embodiment, the wire can be formed from platinum or platinum/iridium alloy. In 
one embodiment^ the wire is circular in cross-section, Other shapes of wire are 
envisaged, including wires that are oval in cross-sectiou^ or are foil-like having a width 

1 5 greater than its fiudaiess. 

In one embodimeut, the wire can be coated with an electrically insulating 
material, such as a polymer material. In one embodiment, the electrical connection 
fOTmed between the wire and the conductive region and/or sacrificial members such as 
20 the formation of a weld, can be performed through the insxilating layer. 

In another embodim^t of the fifth aspect, the wire can be uncoated when 
electrically connected to the conductive region and/or sacrificial member. In this case, 
it is envisaged that the device formed by the method according to the fifih aspect would 
25 undergo a coating step where at least the widss are eacapsulated in an electrically 
insulating material. 

For ©sample, the device could be passed through a parylene coater so as to coat 
at least parts of the device with a suitable layer of parylene. In this case, it is envisaged 
30 that the electrically conductive regions would be masked to prevent their coating with 
parylene. 

In on© embodiment, the method can iurther include the step of encapsulating the 
device in an electrically insulating matmal. This material is finther also preferably 
35 biocompatible and resili^ntly flexible. . One example of a possible encapsulating 
mataial is silicone. The result is preferably a plurality of separate electrically 
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independeat conductive portions having a layer of silicone aicapsiQated on one side 
Ihereof, If desired, the formed device can undergo further processing* including 
washing and dryings to render it suitable for implantation. 

5 In one embodiment, the sacrificial member is in the form of a plate. The 

sacrificial member as its name implies is adapted to be sacrificed when the device made 
by the method accordiag to the fifth aspect is ready to be utilised for the purpose for 
which it was manufactured. In one embodiment, ttie plate is preferably formed fix>m a 
suitable metal to allow welding of the distal c^uds of the wires to the plate, 

10 

In a preferred embodiment, the device formed by the method according to the 
fiflh aspect is preferably an electrode array for an electrode assembly. The method has 
potential advantages in providmg a relatively efficient and tuexpensive process of 
electrode assembly manufacture, particularly assembly of intracochloar electrode 
15 a&semblies. The present invention further provides a method of fornung an electrode ^ 
array for an electrode assembly that preferably allows the manufacturing process to 
become automated or semi-automated so providing a desirable altemative to current 
manufacturing processes which requite tensive labour input and increased 
manufacturing throughput 

20 

In a preferred ^bodiment, the electrode array is for use as an implantable 
tissue-stimulatmg device. More pr^erably, the tissue-stimulating device is a cochlear 
electrode assembly, more preferably an intracochlear electrode assembly. In another 
embodiment, the electrode array could be used in a biosensor not necessarily related to 
. 25 an implanted device. 

In this embodiment, the electrically conductive regions fomacd in step (a) 
comprise the plurality of stimulating pads or electrodes of the array. The wires are 
welded to these electrodes and extend therefix)m to a sacrificial plate. The wires remain 

30 welded to the plate until such time as the array is required for the manufectuiing 
process in which the wires are connected to a feedfhrough device that provides 
electrical connection through the wall of an implantable component, such as a 
receiver/stimiilator unit. In this regard, the wdres can be cut away firom the plate when 
connection needs to be made to the feedthrough. The plate can then be disposed of or 

35 re-xised 
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In one embodiment of the fifth aspect, the sheet of electrically conductive 
material woiked in step (a) is a bioooiPpatible material. In a preferred embodiment, the 
- sheet is a metallic material. Still fbrthej, the metdHo material is a sheet of platinum. In 
a further embodiment, Ihe sheet can be'annealed. In a further embodiment, each of the 
5 electrodes is farmed from a single sheet of electricaUy conductive material, such as 
platinum- In a further embodiment, more than one array can be formed from a single 
sheet of platinum. In yet a further embodiment, the sheet could be a laminate of two or 
more layers (eg Pt & Ir), or could be an alloy- 

10 The sheet preferably has a thickness between about 10 and 200 microns, more 

preferably between about 20 and 1.00 microns. The method preferably uses a sheet of 
platinum having a thickness of around 50 microns. Other suitable thicknesses can be 
envisaged, Each sheet can have dimensions of about 50mm x 250mm. The size of the 
sheet will though depend on the requirements of the tooling used to woric flie sheet. As 

15 . such, sheets of different dimensions can bo envisaged. 

The wires are preferably linearly aligned for at least a majority* and preferably 
all, of their length extending away from the electrode array. In one embodiment^ the 
wires can be disposed for at least a portion of their lengths in a parallel arrangement. 

20 

The sheet of conductive material can, before the working step, be a planar sheet. 
Sheets that already have folds or embossments fomied fheardn prior to the woridng step 
of the present invention can, however, also be envisaged. 

25 In one embodiment^, the step of working the sheet can further comprise 

deforming at least a portion of the planar sheet in a third dimension. For example, once 
a plurality of planar conductive eleohodes ate at least partially formed, they can be 
placed in a concave moulding die in whidi they are deformed to adopt a curved 
configuration. In one embodiment, this step can occur prior to step (b). "Where the 

30 electrodes have a curved configuration, the wires can be joined, such as by automatic 
welding, to the concave surfaces of the respective electrodes. 

In one embodiment, the respective electrodes fonned from a planar sheet can be 
substantially rectangular or rectangular. CMher suitable shapes for the- formed 
35 electrodes can, however, be envisaged. In one raibodimenti the portions of the sheet 
removed from the sheet can be bone -shapedi 
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In ptodudjig an elec?trt)de array, it is firstly desirable to detennine tiie 
configuration of the stimulating pads desired for the electrode array. Once the 
configuration is determined, the step of working the sheet can comprise working the 
S sheet, such as by using a punch that is fjibricated for u5e in the method or other 
technique as defined hei^, so as to produce the desired electrode array configuration. 

Various techniques for punching, cutting, and otherwise working the sheet are 
also dcsCTibcd in Intemafional Patent Publication No. WO 02/089907 akeady 
10 referenced herein. 

In one embodiment, two -or more arrays formed using the method can be 
laminated togethear to form, a single tissue stimulating electrode assembly. In* one 
embodimentj the assembly can be formed from a first lamination having 7 electrodes, a 

15 second lamination having 8 electrodes and a third lamination having 8 electrodes, to 
form an electrode assembly having 23 electrodes. In the case of a cochlear electrode 
array, the formed array will preferably have 22 intracodhlear electrodes and one 
extracochlear electrode. Such a lamination process preferably results iu a linear array 
of the 22 electrodes. It will be jippreciated that other combinations of layers and other 

20 numbers of electrodes in each layer could be utilised to fomi arrays of different lengths, 
up to around 1 00 electrodes- 
It wiU be appreciated thai it is generally important that the lead which is 
comprised of the wires extending fcom the array to the feedthrough is Capable of a 

25 degree of flexibility to compensate for any movement between the stimulator and the 
electrodes, such as movement which may naturally occur due to body growth. In one 
embodiment, the method .can comprise a still finiher step of winding the lead in a 
helical manner. In one mibodiment^ the winding can result in the lead having a helical 
portion. The winding can be such that the wires extend over the same longitudinal 

30 extent in the helicail portion. Techniques for forming the winding are described in the 
present applicant's International Application No, PCT/AU03/01369; the contents of 
which are incorporated herein by reference. 



According to a sixth aspect, the present invcaition is a device when foraied by 
35 the method as defined herein comprising: 

a predetetmined pattern of at least two electrically conductive regions; and 
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at lea$t one wire extending from each of the conductive regioM to a oonnnon 
sacrificial member. 

In one embodiment of this sisfh aspert, the device is preferably m electrode 
5 array. The electrode array can be suitable for use in tissuc-stimxijating and sensor 
applications or otherwise as defined herein with reference to the fifih aspect of the 
invention. 

Accoiding to a seventh aspect, the present invwtiott is a method of making an 
1 0 implantable electrode arrayj the method comprising: 

(a) si9pporCing a sheet of electrically conductive biocompatible material; 

(b) working the sheet to remove one or more first portions fherefrom; 

(c) connectmg at least one electrioally conducting wire to said punched sheet 
Tjsing a bonding machine; and 

15 (d) working the sheet to remove one or more second portions Iherefirom to 

form two or more discrete relatively conductmg regions. 

In one embodiment of this aspect, the bonding ma<diine is an automatic bonding 
machine. In this regard, the automatic bonding machine may be an automatic welding 
20 machine capable of perfotming ultrasonic or resistance welding. 

Preferably, the sheet is no greater than axofund 200 microns thick. 

Preferably, the working of ihe sheet in step (b) comprising punching the sheet 

25 

Preferably, a portion of each wire is located distal said conducting regions to a 
common sacrificial member. 

Brief Description of the Drawings 

30 

By way of example only, preferred embodiments of the invention are now 
described with reference to the accompanying drawings^ in which; 

Fig, 1 depicts the steps of one embodiment of a method of forming an antenna 
3 5 connected to a f^edthrough of a hou^dng according to the present invention; 
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Fig, 2 depicrts a wire path template for fonning a non-linear wire path according 
to the present inve^tion; 

Fig. 3 depicts a wire liaving a portion haviijg a non-linear path formed iislng ihe 
5 template of Fig. 2; 

Fig. 4 is a flow chart depicting at least some of the steps of one embodiment of 
the method of forming an electrode array according to the present invention; 

1 0 Figs* 5a and 5b are a plan and perspective view of an electrode array formed in a 

platinnm sheet; 

Fig. 6 depicts the electrode array of Fig, Sb following the welding of wires 
thereto; 

15 

Fig. 7 depicts the electrode array of Fig. 6 following a further working step; and 

Fig. S depicts another embodiment of set of electrodes with wires that are 
welded tiheroto extending away therefrom. 

20 

Preferred Mode of CayTVing out the Lavention 

Fig. 1 depicts some of fhe steps of a method according to the present invention^ 
depicted generally as 10, for fonning an antenna and feedfhrough assembly that is 
25 suitable for iise in a tissue-stimulating device, such as a cochlear implant. 

As depicted in Fig, la, a feedthrough member 1 1 and an antenna template 12 are 
mounted to a woikspace member 13. The relative position of the member 11 and 
template 12 are based on the desired dim^ions of the antenna to be formed? 

30 

In the depicted embodiment, the feedtkrough member II is mountable in a wall 
or chassis of a housing 14 and comprises a first portion 15 and a second portion 16, 
Both of the pordons 15,16 have a plurality of condnctive posts extendiag through an 
electrically insulating block that hermetically seals the housing 14. In the depicted 
35 embodiment, the feedthrongh member 11 is usable for both the wires feeding back 
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from the electrodes (not depicted) of an intracodhleax array and the wire or wires that 
will comprise the antenna coil. 

In Fig, lb, a wire bonder 17 is tised to connect an end of the antenna wire 18 to a 
5 conductive post of the second portion 16 of the feedfhrough member 11. The u$e of 
wire bondhig enables both a mechanical and dectdcal connection to be achieved in a 
single operation. 

The wire bonder 17 is Ihon used to wind the wire IS aronnd the template 12 to 
10 form the antenna. As depicted in Fig. lo, the wire 18 is wonnd arotmd the template 12 
to fomi the antenna coil before then bonding the ottier end of the wire 18 to the first 
portion 15 of the feedfhrough member 11 (as depicted in Fig. Id). In the depicted 
embodiment, the anteima template 12 is cylindric^. It will be appreciated that other 
shapes might be suitable and could be utilised to fomi the windings of the antenna, 

15 

The wire 18 can be coated with an electdcally insulating material,' such as a 
polymer material such as paiylene. A small area of ihe insulating material is removed 
at the end of the wire prior to the respective bondings to the feedthrough member 11 - 
In the depicted embodiment, the wire 1 8 is. formed from platinum or a platinum/iridium 
20 alloy and is circular in cross-section. Other shapes of wire are envisaged, including 
wires that are oval in cross-section or flat, ribbon-like. 

Fig. 2 depicts a method of forming a non-linear path of at least a portion of an 
electrically conducting wire, such as a wire extending from the feedthrough member 11 
25 to one or more implantable electrodes (not shown). 

In this example, the wire path template comprises a series of appropriately 
spaced posts 21 about which a wire 22 can be wound by a wire bonder 17. It is 
envisaged that the posts 21 would be mounted to a workspace m^bor. In the depicted 
30 embodiment, an end of the wire is firstly bonded at a first location 23 . Location 23 can 
be envisaged in one embodiment to be a feedthrough member, such as feedthrough 
m^aber 1 1 depicted in Pigs, la- Id, with the formed non-linear wire being one of the 
wires 19 depicted in Fig, 1 that extends to one ore more electrodes. 

35 Once the wire 22 has been wound between the posts, the wire can be removed 

from the workspace or remain in the workspace for further processing as required. 
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Such further processing might include bonding of one or more electrodes to the wire 
and/or encapsulation of the wire in an appropriate encapsulant, such as a silicone. 

As depicted by Pig- 3, more than one wire 22 can be wound through the wire 
5 path template to form a naultistrand electrically conducting lead. 

As i$ the case for wire 18 depicted in Figs. la-Id, the wire 22 is formed ftom 
platinum OT a platuium/iridium alloy and is circular in cross-section. Other shapes of 
wire are envisaged, induding wires that are oval in cross-section. 

10 

The formed non-linear path of at least a portion of the lead serves to assist in 
ensuring that the lead does not fail, following implantation, due to movement that may 
occur between the ends of the lead* such as movement that may occur due to body 
growth of the implaatee. The fonned non-linear path is also useful in providing strain 
15 relief at the feedthrough connections to pwtect against damage during the 
manufacturing process. 

Further processes according to embodiments of the present invention for the 
manufacture of an electrode array are depicted in Figs 4-8 of the drawings. 

20 

Fig. 4 is a flow chart of an example of some of the steps of a method according 
to the present invention, depicted generally as 40, for forming an electrode array that is 
siutable fbr use as a tissue-sthnulating device within the human cochlea. 

25 As depicted, the method 40 comprises a series of steps 41 to 44 which form the 

electrode array. In the depicted method 40, and with further reference to Fig 5a, a 
platinum sheet 53 is used as it is a biocompatible material and is a proven material for 
use in cochlear implants manufactured using traditional techniques. The sheet 53 is in 
the form of a &il and typically has a thickness of around 50 microns, althongh this can 

30 vary betweeai about 10 and 200 microns. 

In step 41 of the depicted method* the platin\mi sheet 53 is firstly supported in a 
holder. The method 40 further comprises a step 42 in which an electrode array pattern 
is formed in the supported platinxnn sheet 53, In iJns CKamplC:, the following step 42 
35 comprises removing portions of the platinum sheet S3 therefrom such that at least the 



wo 2005/055363 



PCT/AU2004/001726 



IS 

desired pattern of the clectrod© auray renmins. In the eacamplej st^ 42 comprises a 
process of using a punch to punch, out xmwanted portions of the sheet 53* 

As depicted m Fi& 5a, the punch can firstly remove rectangular portions 58 of 
5 the sheet 53 leaving a plurality of portions that will become the electrodes 55 of the 
airay aft^ later removing &e outer portions 53a of the sheet S3 along the dotted lines 
shown in. Fig 5b. In the depicted embodiment, the electrodes 55 formed in the sheet 53 
have a size of about 0.4mm^ - O.Smm^. While the electrodes 55 are depicted as 
rectangtilar in shape, it will be appreciated that the electrodes could he fonned in 
10 difE^ent shapes by using a punch to remove non-rectangular portions from the sheet 
For example, the punch can be adapted to remove bone-shaped portions. 

A.S depicted in Fig. 5b, the step 42 can further comprise a step of deforming the 
sheet 53 an a tiiird dimension. In Fig. 5b, the electrodes 55 of the sheet have been 
15 defotmed. so as to adopt a curved configuration by being placed in a concave moulding 
die« 

It will be appreciated that in step 42, those portions of the sheet 53 to be 
removed, can be removed by other techniques, such as laser ablation, micro-knifings 
20 milling, or electrode discharge machining to remove the unwanted portions 58 of the 
sheet 53, . ' . 

The metihod 40 further comprises a step 43 of welding electrically conducting 
wires 56 to the concave faces of the electrodes 55 (see Fig, 6). The wire 56 can be 

25 coated with an electrically insulating material, such as a polymer material, such as 
parylene. A small area of the insulating material is removed at the end of the wire prior 
to the wielding step. This welding is performed by an automatic welding machine. 
Alternatively, this process can be performed using a wire bonding machine. In the 
depicted embodimrat, the wires 56 are fonned from platinum or a platinxmi/iridium 

30 alloy mid axe circular in oross-section. Other shapes of wire are ^visaged, includmg 
wires that are oval in axiss-section, or are foil-like having a width greater than its 
thickness. 



The outCT portions 53 a of the sheet 53 serve to hold ttxe sheet in the pattern 
35 formed during step 42 during subseq^nent processtng 'steps. 
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Dxmng step 44, the slieet 53 is preferably trmmied to x^ove the remaming 
portions 53a of the slieet that are not comprising the desired electrode array 54 (see Fig. 
7). In the depicted example, the sheet 53 is trimmed with a knife. In another 
e^afaodimCTit, a pwch and die cian be used to cat the electrode array from the remaining 
5 portions of the ori^al sheet 53. 

Each of the electrodes 55, and the correspondiag welded wires 56, are formed in 
a manner such that their position with respect to each other is predetennined and kept 
constant throughout the process and in the final product. 

10 

To maintain this, step 43 can include a step where the proximal ends 57 of each 
of the wires are welded to a sacrificial plate 61 (see Figs- 6 and 7), It will be 
appreciated that the connection to the plate 61 could be made at a location away from 
fixe proximal end 57 of the wire 56. In this case, however, it is envisaged that the wire 
15 57 would then be trinuned at the location of the weld. 

It will be appreciated that each of the wires 56 can be individually welded to 
their respective electrodes 55 and the sacrificial plate 61, It is, howeverj preferred that 
. the wires 56 be welded at least substantially simultaneoxisly, at one or both locations, 
20 by the automatic welding machine. 

As depicted in Figs. 6 and 7, the proximal ends 57 of the wires 56 can be aligned 
transversely along the sacrificial plate 61. As such, when there are a |ilurality of 
electrodes 55 disposed in a longitudinal array and the same number of wires 56 
25 extending therefirom, the wire 56 esctending from the electrode 55 that is most distal the 
sacrificial plate 61 can be at, near or closer to one end of the plate 61, the wire 56 from 
the next most distal electrode 55 beside it, and so on until earfi of the wires 56 are 
electrically connected to the sacrificial plate 61 . 

30 This ordering of the connection of the wires 56 to the sacrificial plate 61 results 

in there being no need to retest which wire 56 is connected to which conductive 
electrode 55 at a later date in the manxifacturing process. Instead, it is possible by 
noting the location of the weld of the wire 56 to the $acrifictal plate 61 to determine 
which electrode 55 that wire 56 is extending from, 

35 
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The sacrificial plate 61 as its name implies is adapted to be sacsrificed whoxx the 
decbfode array is ready to be electrically coraaected to a feedfhtougji device that 
provides elec^trical connection fhrpixgh the wall of an implantable component^ such as a 
recdver/stuimlator unit of a cochlear implant. For example, the wires 56 can simply be 
5 cut from the plate 61 when the wires 56 are to be welded to the feedthrough. 

It will be appreciated that a mraaber of electrode sets with corresponding 
sacrifidal plates as depicted in Figs. 6 and 7 could be formed and stacked or iazninated 
together and appropriately encapsulated to fomi a single tissue stimulating electrode 
10 assembly* One example of such, an assanbly is depicted by Pig. 8, In this 
embodiment, the electrodes 55 are, how^erj stfll planar despite the wires 56 havitig 
been welded thereto. 

In die case where the electrodes axe still planar and as is described in 
15 Memational l^iblioation No WO 02/089907, once the stack is fomxed, the hifhcarto at 
least substarxtially planar electrodes 55 can then be deformed so as to at least partially 
extend ia a third dimension. In one embodiment, each of the electrodes is curved out of 
the plane of the wires 56 for each set of electrodes. The curvature can be substantially 
semi-circulair. A mandrel can be used to form the cuivature in the electrodes. 

20 

Once the electrodes 55 bave been deformed to have a substantiatly semi-drcular 
curvature^ ea.cih of the electrodes 55 can be further folded about a longitudtnal axis of 
the array. This folding of the electrodes 55 serves to bend the electrodes around the 
. wires 56 of the array. The electrodes are preferably folded togeth^ and define a lumen 
25 that extends through the array. 

The lumen can act as a substance delivery means for delivering a bio-active 
substance to the implant site following implantation. Alternatively or additionally, the 
lumen can xr^eive a stylet to assist in insertion and placement of the array in the 
30 cochlea. 

Embodiments of the present iavention can be advantageously applied to make 
an entire assembly of components for an implantable medical device, such as a 
cochlear imjplant For example, a novel "skeleton" of various conductive components 
35 can be created within a single work procedure. A subsequent work procedure can then 
encapsulate the entire skeleton, or at least two components of the entire device. 
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This teairangement of the work process steps, wh«e the encapsulatioii i$ made 
in a single step, using a single curing system, helps to improve the integrity of the seal 
to prevent fliiid ingress. This is especially important in implmtable medical devices to 
5 reduce the risk of malfunction and infection. Traditionally, each one of the various 
components had. been individually encapsulated, before being connected together. 

The encapsulation step involves placing components in a mould, which is 
then filled with a biocompatible silicone material. Silastic MDX 4-4210 is an example 
10 of one stdtable silicone. In the case of the electrode array, the silicon forms an 
electrode carrier member, although the electrodes are preferably positioned in the 
mould so as to not be coated with the silicone. 

It will be appreciated by persons skilled in the art that numerous variations 
IS and/or modifications may be made to the invention as shown in the specific 
embodiments without departing firom the spirit or scope of the inv^tion as broadly 
described. The present embodiments are^ therefore, to be considered in all respects as 
illustrative and not restrictive. 



